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A MODEL FOR ASSESSING INTERDISCIPLINARY 
APPROACHES TO WETLAND RESEARCH 
DOUGlAS A WILCOX 
39 
Na!ional Park Service, Indiana Dunes National LakesJwre, Porter, lruiiana 46304 
Abstract: An interdisciplinary approach to research in wetlands is necessary to avoid incorrect 
extrapolations and proJections about broad wetland functions based on limited knowledge. 
'Ibe values of several lesser-used disciplines or fields of study are often overlooked and 
therefore not incorporated into study designs . To address this problem, a model was developed 
that relates ten ecological and environmental science disciplines to each other (geohydrology, 
surface water hydrology, water chemistry, soil/sediment chemistry, stratigraphy/sedimento­
logy, paleoecology, plant ecology, animal ecology, remote sensing, and seedbank studies). A 
matrix and companmentalized model cross-identify each discipline as a research tool and as a 
type of study for which a given tool can be used in data collection. Usc of the model is 
demonstrated by assessing the research approach utilized in the study of three wetland systems 
(shallow dune ponds, bog, fen) at Indiana Dunes National Lakeshore and the study of the 
pocosin wetlands as presented in a comprehensive volume on that subject. 
Key words: model, interdisciplinary, wetlands, plant ecology, hydrology, water chemistry. 
soils, animal ecology. 
INTRODUCTION 
Studies involving various disciplines of ecology and other environmental 
sciences are conducted regularly in wetland ecosystems. The scope of many of 
these studies can be quite limited, focus ing on the resource or discipline of interest 
to the investigator (e.g., plant or animal communities, selected taxa, endangered 
speci es, hydrology, water chemistry, or geologic setting) . Such li mited-scope re­
search efforts may be of significance in relation to their specific fields of study, 
but the tendency to extrapolate and make projections ahout broader wetland 
functions must be avoided. An interdisciplinary approach that encompasses all of 
the biotic and abiotic factors of importance is necessary to assess the devel­
opment and functioning of a wetland system. This paper attempts to define a mech­
anism by which the important disciplines can be identified and incorporated into 
wetland research. 
METHODS 
Ten disciplines or relatively distinct approaches to collection of data in 
wetland systems were placed in a matrix. On one axis, the disciplines were viewed 
as tools or methods of data collection. On the other axis, they were viewed as eco­
logical or environmental categories for which data needs to be collected. A score 
( 0 ) in the matrix indicates that a given research tool can be used to collect data 
for the designated category or study type . The matrix was subsequently arranged 
into a compartmentalized model. Arrows from one compartment to another indi­
cate that the research tool can be used in data collection for the type of study or 
category pointed to. 
The matrix and model were then assessed by reviewing the 
interdisciplinary research approach utilized in the study of three wetland systems 
(shallow dune-ponds, bog, fen) at Indiana Dunes National Lakeshore. A further 
assessment was made by applying the matrix to studies conducted in another 
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wetland type (pocosin) using information derived from a comprehensive volume 
on that suhjcct (Richardson 1981 ). 
RESULTS AND DISCUSSION 
lvfatrix wul Mudd. 
The following ten disciplines were identified and briefly defined: 
1. Gcohydro logy 
A. Groundwater hydrology 
B. Geology of aquifer systems 
2. Surface water hydrology 
A. Inflow and outflow 
B. W atcr depths 
C. Water level fluctuations 
3. Water chemistry 
A. Hardwatcr vs. softwater 
B. Nutrient status 
C. Cont�un:natinn 
4-. Soi l/scdimcnt chemistry 
A. Soil type 
H. Nutrient status 
C. Contamination 
5. Stratigraphy/sedimentology 
A. Geologic strata 
B. Organic strata 
C. Racliochcmical elating 
6. Paleoecology 
A. Pollen 
B. Macrofossils (plant and animal) 
C. Diatoms 
D. Charcoal 
7. Plant ecology (vegetation) 
A. Succession studies 
B. Desniptive vegetation studies 
C. Physiological toierance, toxicity, etc. studies 
8. An.irnal ecology (fauna) 
A Fish 
B. Birds 
C. Mammals 
D. Reptiles and amphibians 
E. Invertebrates 
9. Remote sensing 
A. Aerial rhotography 
B. SatellilC imagery 
I 0. Seed hank s'.udics 
A. Seed isolation and identification 
B. Seed germination/seedling idcnti fication. 
Wilcox, MODEL FOR ASSESSING INTERDISCIPLINARY WETLAND RESEARCH 41 
Some of these disciplines are closely allied and arguments could be made 
for combining them (e.g., plant ecology and sccdbank studies or geohydrology 
and surface water hydrology). However, there may be a tendency to overlook 
certain components of larger disciplines. Therefore, some splitting was done to 
give the necessary emphasis to important fields of study such as geohydrology 
and seedbank analyses. 
en 
0 
0 
1--
CJ) 
OJ 
S t rat 
Geohyd r 
sw hy dr 
W che m 
Soils 
C Veg 
c.. 
() 
CIJ 
0 
Seeds 
Paleo 
R sens e 
Fauna 
s 
t 
r 
a 
t 
• 
0 
0 
G 
e 
0 
h 
Y, (j 
r 
0 
• 
0 
0 
s 
w 
h 
Y. a 
r 
0 
• 
0 
0 
0 
0 
0 
Type of Study 
w 
c 
h 
e 
m 
0 
0 
• 
0 
0 
0 
0 
s 
0 
i 
I 
s 
0 
0 
0 
• 
0 
0 
v 
e 
g 
0 
0 
0 
-
0 
0 
0 
0 
s 
e 
e 
d 
s 
0 
0 
0 
• 
p 
a 
I 
e 
0 
0 
0 
• 
0 
R 
s 
e 
n 
s 
e 
0 
• 
F 
a 
u 
n 
a 
0 
0 
0 
0 
0 
0 
• 
Figure 1. Matrix of wetland research disciplines as tools vs. types of studies. 
Scored cells indicate that a tool can be used to provide data for a study type. 
The matrix (Figure 1) identified 5 major study types that used at least 5 
of the 9 disciplinary tools (read down columns). They were: vegetation , fauna, 
surface water hydrology, wate r chemistry, and soils. These disciplines were also 
the 5 major research tools useful in at least 5 types of studies (read across rows). 
Arguments could be made that more research tool/study type relationships could 
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be identified than have been indicated in the matrix. However, in an attempt to 
avoid scoring every cell of the matrix, consideration was given to direct vs. 
indirect use of research tools. For example, paleoecological studies c an provide 
data that are useful in understanding and interpreting geohydrology in a wetland. 
This information generally is in the form of stratigraphic data, however. 
Therefore, stratigraphy was actually an intermediary discipline, and that was taken 
into account when developing the model. 
Figure 2. Compartmental model of wetland research disciplines. Directional 
arrows indicate that a discipline can be used to provide data for the type of study 
pointed to. 
The conceptual model was based on the 5 major study type/tools, which 
wereused as hubs (Figure 2). The other 5 disciplines (paleoecology, geohydrology, 
seedbank studies, remo te sensing, and stratigraphy) arc primarily useful as research 
tools to provide supplementary information. These points arc illustrated by the 
numbers of arrows pointing to and away from each compartment in the model. 
To utilize the matrix and model in assessing the research approach used 
in the four test cases , the following procedure was used. Each scored cell in the 
matrix of Figure 1 was taken into consideration individually. The question asked 
was, "Had a given research tool been used to provide data that were useful in 
understanding ecological relationships in a certain study type?" For example, had 
surface water hydrology data been used to understand zonation of vegetation in the 
wetland; or the reverse, had vegetation patterns been used to understand fluc­
tuations in water levels? If an answer was "yes ", the appropriate scored 0 in the 
matrix was blackened. The model of Figure 2 was used simultaneously to determine 
or verify that certain disciplines were linked by intermediaries. This helped lessen 
the confusion that resulted when many closely-linked disciplines were used in one 
study. 
The end-product of the assessment was a completed matrix for each 
wetland system studied. Many blackened scores in individual colunms or rows 
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showed either biases toward these disciplin\?s or (hopefully) a thorough pro­
fessional approach. The unblackened scores showed potential research approaches 
that were either impractical, not possible because of lack of expertise or funds, 
not yet initiated, not applicable, or neglected. Full rows or columns of unblack 
ened scores were particularly meaningful. 
Miller Woods Dune Poruis. Three major studies involving the shallow dune ponds 
of Miller Woods have been completed. The first of these (Wilcox and Simonin 
1987) is a study of hydrarch succession in a chronoscqucncc of ponds. In addition 
to data on aquatic macrophytes, data were collected on water chemistry, sediment 
chemistry, sediment stratigraphy, and surface water hydrology. The second study 
(Jackson, Futyma, and Wilcox , 1988) wa� a paleoecological assessment of 
macrofossils, pollen grains, and charcoal in pond sediment cores. This study and 
environmental data collections of the first study were primarily used as tools for 
assessing the nature and causes of vegetation changes in the ponds. 
Sedimentology and geohydrology studies have recently been initiated 
with the primary goals of gaining a better understanding of ground and surf ace 
water hydrology and chemistry. Survey data 0n all faunal component<> of selected 
ponds were collected in the third major study of the area (Whitman et a1. 1986). 
Remote sensing (aerial photointerprctation) was used extensively in delineating 
the study ponds and also in vegetation mapping (Titlow 1986). 
The obvious gaps identified by the matrix (Figure 3) were the lack of 
seedbank and substantial faunal studies. Seedbank studies are the obvious next step 
in funher analyzing vegetation dynamics in the ponds. Further studies of the 
animal communities to correlate with other disciplines are dictated also. 
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Figure 3. Matrix of wetland research disciplines as tools vs. types of studies as 
applied to Miller Woods dune ponds. Blackened sco red cells indicate that a tool 
was used to provide data for a study type. Unblackencd scores indicate potential 
research approaches that were not used. 
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Pinhook Bog. Research in Pinhook Bog has been concentrated in two major areas, 
the effects of highway deicing salts on water chemistry and vegetation and the 
developmental history of the wetland and its vegetation. As a result, rather exten­
sive collections of data have been made using the tools of water chemistry 
(Wilcox 1979, 1986a, Wilcox and Buchholz 1986), vegetation studies (Wilcox 
1984, 1986b, Anclnls and Wilcox 1985, Wilcox and Buchholz 1986, Wilcox and 
Andrus 1987), paleoecology (Futyma 1985), and stratigraphic analyses (Wilcox, 
Simonin, and Alden 1984 ). Surface water hydrology (Wilcox 1982, 1986a) and 
soil chemistry (Wilcox and Buchholz 1986) have been used to a lesser extent. 
The matrix (Figure 4) identifies a lack of data on geohydrology and the 
animal communities of the bog and also indicates that remote sensing and seed­
bank studies were not utilized as research tools. Geohydrology studies arc prob­
ably not of great importance other than to confirm that the clay linccl bog basin 
(Wilcox 1982) isol ate s the wetland from ground-water flow. Rem ote sensing has 
no obvious applications here. Seedbank studies could provide very important data 
on the prospects for continuccl veg etation recovery in the salt-impacted area. The 
need for studies of the impacts of deicing salts on animal communities is quite 
obvious. 
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Figure 4. Matrix of wetland research disciplines as tools vs. types of studies as 
applied to Pinhook Rog. Rlackcned scored cells indicate that a tool was used to 
provide data for a study type. Unhlackened scores indicate potential research 
approaches that were not used. 
Cowles Bog Wetland Complex (Fen). Detailed hydrologic studies have been carried 
out in the Cowles Bog Wetlands by the U.S. Geological Survey (Marie 1976, 
Meyer and Tucci 1978, Gillies and Lapham 1980, Cohen and Shedlock 1986). 
Other studies have been on water quality (Arihood 1975, Hardy 1981), soils 
(Boelter 1978 , Patterson and Fcnn 1978), vegetation (Wilhelm 1980, Titlow 
1986). and more general ecological relationships (Texas Instruments 1974-1981, 
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Carter and Stottlemyer 1978, Hendrickson and Wilcox 1 979, Apfelbaum et a!. 
1983). These studies have individually utilized nearly every discipline identified in 
the model; however, an integrative approach was not always used. 
A recent interdisciplinary effort ha� concentrated on the interrela­
tionships between stratigraphy/sedimentology, geohydrology, surface water hydro­
logy, and water chemistry (Thompson 1986, Shedlock, Wilcox, and Thompson, 
in review) and how they, in tum, relate to the developmental history of the 
wetland :md its v egetation (Wilcox, Apfelbaum, and Hiebert 1984, Futyma 1985, 
Wilcox et al. 1985, Miller and Thompson 1987, Wilcox ct al. 1986). 
The Cowles Bog Wetland Complex may be one of the most compre­
hen sively studied wetlands in the midwest. However, the matrix (Figure 5) again 
shows a lack of seedbank studies and some def iciencies in integrative faunal 
studies. Justifications for initiating both types of studies can easily be derived 
from the existing extensive knowledge of the wetland. 
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Figure 5. Matrix of wetland research disciplines as tools vs. types of studies as 
applied to Cowles Bog. Blackened scored cells indicate that a tool was used to 
provide data for a study type. Unblackened scores indicate potential research 
approaches that were not used. 
Pocosins. Although the pocosin wetlands of the southeastern coastal plain of the 
United States have not been thoroughly studied and are not well understood (C. 
Richardson, pers. comm.), a considerable amount of information is presented in 
the volume edited by Richardson (1981). Vegetation and faunal studies arc 
addressed by Christensen et al. (1981) and by Wilbur (1981) and Monschein 
(1981), respectively. Thorough treatments of the interrelationships between hydro­
logy, geology (including stratigraphy), water chemistry, and soils arc presented 
by Daniel (1981) and by Gilliam and Skaggs (1981). Paleoecological studies 
such as those by Whitehead (1972) are integrated into the work by Daniel. Remote 
sensing by analysis of Landsat photos was used by Richardson et al. (1981) in 
mapping pocosin wetland<>, and Campbell and Hughes (1981) used a time sequence 
of aerial photography to show changes in surface water h ydrology and vegetation 
related to forest ma.TJ.agement practices. 
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After applying the matrix to the pocosin studies as described in Rich­
ardson (1981), several gaps in the use of potential research tools became evident 
(Figure 6). Very little work has been done on the relationships between water 
chemistry and vegetation. Surface water hydrology was used to explain vegetation 
changes, but vegetation analyses were not used to detect or delineate alterations 
in drainage. Seed bank sh1dics have not been conducted to determine potential 
vegetation following fires or hydrologic disturbances, and paleoecological studies 
of pocosin fauna or of water chemistry changes have not been conducted. Finally, 
data on pocosin fauna have generally not been integrated into the other study 
categories. The conclusions of this matrix analysis were corroborated by Curtis 
Richardson (pers. comm.). 
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Figure 6. Matrix of wetland research disciplines as tools vs. types of studies as 
applied to pocosin wetlands (Richardson 1981). Blackened scored cells indicate 
that a tool was used to provide data for a study type. Unblackened scores indicate 
potential research approaches that were not used. 
CONCLUSIONS 
In the Indiana Dunes examples that were addressed, the model identified 
g�ps m two primary areas, seedbank studies and animal ecology studies. Seed­
hank studies had already been und er consideration. Animal ecology studies have 
been neglected, largely because there is no animal ecologist on staff at Indiana 
Dunes. The model provoked a realization that there is little knowledge of the 
effects of animals on vegetation or the effects of disturbance on animal com­
munities in these wetlands. These subjects should be addressed. 
On a more universal note, the model was successful in identifying poten­
tial research needs for better understanding of the pocosin wetlands. There is no 
universal model that identifies the inputs that should go into all wetland research 
projects because the focus of each project can vary as much as the nature of each 
wetla:1d. There can be strong justifications for excluding certain disciplines and 
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for concentrating on others. Certainly, good community or ecosystem-level 
scientists should know that they must draw on a nwnbcr of disciplines when 
studying a wetland. However, many studies are conducted that fail to address 
specific disc ip lines far any of a number of reasons, including failure to analyze 
all the potentials in a straightforward manner. By filling in the matrix pres ented 
here with information specific to a given research project, the relationships of all 
disciplines can be addressed, and decisions can be made concerning the value of 
incorporating individual disciplines into a study. 
Ideally, the data from all relevant disciplines should be interpreted 
together before conclusions about wetland functions or processes are drawn. Real­
istica lly, ecologists must accept the fact that time and monetary constraints often 
dictate that function-process interpretations must be made with a less-than­
complete data set. They should be careful, then, to fully assess the possible 
implications of all disciplines, even if actual studies in all disciplines are not 
conducted. A few hours spent utilizing this model to evaluate a research project 
may save many days or months spent conducting unnecessary studies or ex­
plaining unfounded conclusions. 
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